The two new tetrakis-substituted pyrazines, 1,1 0 ,1 00 ,1 000 -(pyrazine-2,3,5,6-tetrayl) tetrakis(N,N-dimethylmethanamine), C 16 H 32 N 6 , (I) and N,N 0 ,N 00 ,N 000 -[pyrazine-2,3,5,6-tetrayltetrakis(methylene)]tetrakis(N-methylaniline), C 36 H 40 N 6 , (II), both crystallize with half a molecule in the asymmetric unit; the whole molecules are generated by inversion symmetry. There are weak intramolecular C-HÁ Á ÁN hydrogen bonds present in both molecules and in (II) the pendant Nmethylaniline rings are linked by a C-HÁ Á Á interaction. The degredation product, N,N 0 - [(6-phenyl-6,7-dihydro-5H-pyrrolo[3,4-b] pyrazine-2,3-diyl)bis-(methylene)]bis(N-methylaniline), C 28 H 29 N 5 , (III), was obtained several times by reacting (II) with different metal salts. Here, the 6-phenyl ring is almost coplanar with the planar pyrrolo [3,4-b] pyrazine unit (r.m.s. deviation = 0.029 Å ), with a dihedral angle of 4.41 (10) between them. The two N-methylaniline rings are inclined to the planar pyrrolo [3,4-b] pyrazine unit by 88.26 (10) and 89.71 (10) , and to each other by 72.56 (13) . There are also weak intramolecular C-HÁ Á ÁN hydrogen bonds present involving the pyrazine ring and the two N-methylaniline groups. In the crystal of (I), there are no significant intermolecular contacts present, while in (II) molecules are linked by a pair of C-HÁ Á Á interactions, forming chains along the c-axis direction. In the crystal of (III), molecules are linked by two pairs of C-HÁ Á Á interactions, forming inversion dimers, which in turn are linked by offset -interactions [intercentroid distance = 3.8492 (19) Å ], forming ribbons along the b-axis direction.
Chemical context
Tetrakis-substituted pyrazines, which are potential bistridentate ligands, have been used in coordination chemistry since the 1980 0 s, to form not only mononuclear and binuclear complexes but also multi-dimensional coordination polymers. A search of the Cambridge Structural Database (CSD, Version 5.41, last update November 2019; Groom et al., 2016) reveals that the principal tetrakis-substituted pyrazine ligands that have been used are 2,3,5,6-tetrakis(pyridin-2-yl)pyrazine, which was first synthesized by Goodwin & Lions (1959) , and 2,3,5,6-pyrazinetetracarboxylic acid, which was first synthesized by Wolff at the end of the 19th century (Wolff, 1887 (Wolff, , 1893 . Since then the coordination chemistry of only a small number of tetrakis-substituted pyrazines has been studied, for example tetrakis(aminomethyl)pyrazine (Ferigo et al., 1994) and, more recently, the new ligand 2,3,5,6-tetrakis(4-carboxyphenyl) pyrazine, which has been shown to be extremely successful in forming metal-organic frameworks (Jiang et al., 2017; Wang et al., 2019) . ISSN 2056-9890 In our search for new tetrakis-substituted pyrazine ligands (Tesouro Vallina, 2001) , viz. potential bis-tridentate ligands, the title compounds, 1,1 0 ,1 00 ,1 000 -(pyrazine-2,3,5,6-tetrayl) tetrakis(N,N-dimethylmethanamine) (I) and N,N 0 ,N 00 ,N 000 -[pyrazine-2,3,5,6-tetrayltetrakis(methylene)]tetrakis(N-methylaniline) (II) were synthesized. During attempts to form transition-metal complexes of (II), the degradation product, N,N 0 - [(6-phenyl-6,7-dihydro-5H-pyrrolo[3,4-b] pyrazine-2,3-diyl)bis(methylene)]bis(N-methylaniline) (III) was often formed. Herein, we describe their molecular and crystal structures, together with the Hirshfeld surface analysis of their crystal packing.
Structural commentary
The molecular structure of compound (I) is illustrated in Fig. 1 . The molecule possesses inversion symmetry with the pyrazine ring being located about a center of symmetry. The adjacent dimethylmethanamine substituents, in positions 2,3 (and 5,6), are directed above and below the plane of the pyrazine ring. There is a short intramolecular C3-H3AÁ Á ÁN3 i contact on either side of the molecule [symmetry code: (i) Àx, Ày, Àz 1 ], linking the two dimethylmethanamine substituents ( Fig. 1 and Table 1 ).
The molecular structure of compound (II) is illustrated in Fig. 2 . This molecule also possesses inversion symmetry with the pyrazine ring being located about a center of symmetry. Again the adjacent methylaniline substituents, in positions 2,3 (and 5,6), are directed above and below the plane of the pyrazine ring. Rings C4-C9 and C12-C17 are inclined to the pyrazine ring by 63.62 (10) and 86.83 (10) , respectively, and to each other by 78.28 (11) . There are short intramolecular C5-H5Á Á ÁN1 contacts on either side of the molecule involving a methylaniline ring and the adjacent pyrazine N atom, and the methylaniline substituents in positions 2,6 (and 3,5) Figure 2 A view of the molecular structure of compound (II), with atom labelling [symmetry code: (i) Àx + 1, Ày + 1, Àz + 2]. Displacement ellipsoids are drawn at the 30% probability level. Intramolecular C-HÁ Á ÁN interactions (Table 2) are shown as dashed lines and the intramolecular C-HÁ Á Á interactions (Table 2) as red dashed arrows. A view of the molecular structure of compound (I), with atom labelling [symmetry code: (i) Àx, Ày, Àz + 1]. Displacement ellipsoids are drawn at the 30% probability level. Intramolecular C-HÁ Á ÁN interactions (Table 1) are linked by an intramolecular C6-H6Á Á Á interaction ( Fig. 2 and Table 2 ).
The molecular structure of compound (III) is illustrated in Fig. 3 . One side of the molecule has been transformed into a pyrrolo unit fused to the pyrazine ring. The 6-phenyl ring (C7-C12) is almost coplanar with the planar pyrrolo [3,4-b] pyrazine unit (N1-N3/C1-C6; r.m.s. deviation = 0.029 Å ), forming a dihedral angle of 4.41 (10) . On the other side of the molecule, the two adjacent N-methylaniline rings (C14-C19 and C22-C27) are inclined to the planar pyrrolo [3,4-b] pyrazine unit by 88.26 (10) and 89.71 (10) , and to each other by 72.56 (13) . There are also weak intramolecular C-HÁ Á ÁN hydrogen bonds present involving the pyrazine ring and the two Nmethylaniline groups ( Fig. 3 and Table 3 ).
Supramolecular features
In the crystal of (I), there are no significant intermolecular interactions present (Fig. 4) .
In the crystal of (II), molecules are linked by a pair of C-HÁ Á Á interactions, forming chains that propagate along the [001] direction (Fig. 5 and Table 2 ).
In the crystal of (III), molecules are linked by two pairs of C-HÁ Á Á interactions, forming inversion dimers. Offsetinteractions link the dimers to form ribbons propagating along the [010] direction; see Fig. 6 and Table 3 . The offsetinteraction, Cg3Á Á ÁCg6
ii , where Cg3 and Cg6 are, respectively, the centroids of the phenyl ring (C7-C12) and the pyrrolo- [3,4-b] pyrazine ring system, has a centroid-centroid distance of 3.8492 (14) Å , = 4. 41 (10) , interplanar distances of A view of the molecular structure of compound (III), with atom labelling. Displacement ellipsoids are drawn at the 30% probability level. Intramolecular C-HÁ Á ÁN interactions (Table 3) are shown as dashed lines. Table 1 Hydrogen-bond geometry (Å , ) for (I). Table 2 Hydrogen-bond geometry (Å , ) for (II).
Cg2 and Cg3 are the centroids of rings C4-C9 and C12-C17, respectively. Table 3 Hydrogen-bond geometry (Å , ) for (III).
Cg2 and Cg3 are the centroids of rings N1/N2/C1-C4 and C7-C12, respectively. A view along the a axis of the crystal packing of compound (I).
Figure 5
A view along the a axis of the crystal packing of compound (II). The C3-H3AÁ Á Á interactions ( 
Hirshfeld surface analysis and two-dimensional fingerprint plots
The Hirshfeld surface analysis (Spackman & Jayatilaka, 2009 ) and the associated two-dimensional fingerprint plots (McKinnon et al., 2007) were performed with CrystalExplorer17 (Turner et al., 2017) . The Hirshfeld surfaces are colour-mapped with the normalized contact distance, d norm , from red (distances shorter than the sum of the van der Waals radii) through white to blue (distances longer than the sum of the van der Waals radii). The Hirshfeld surfaces (HS) of the title compounds, mapped over d norm , are given in Fig. 7 . It is evident from Figs. 7a and 7b that there are no contact distances shorter than the sum of the van der Waals radii in the crystals of either compounds (I) or (II). For compound (III) (Fig. 7c) , two small red spots indicate the presence of weak CÁ Á ÁH contacts (see Table 3 ).
The two-dimensional fingerprint plots for the title compounds are given in Fig. 8 . They reveal, as expected, that the principal contributions to the overall surface involve HÁ Á ÁH contacts at 87.9% for (I) (Fig. 8a) , 68.6% for (II) (Fig. 8b) , and 63.3% for (III) (Fig. 8c) . The second most important contribution to the HS for compound (I) is from the NÁ Á ÁH/HÁ Á ÁN contacts at 8.0%; for compounds (II) and (III) the second most significant contributions are from the CÁ Á ÁH/ HÁ Á ÁC contacts at 26.3 and 27.4%, respectively. For compound (I), the third most important contribution to the HS is from the CÁ Á ÁH/HÁ Á ÁC contacts at 4.0%, while for compounds (II) and (III) it is from the NÁ Á ÁH/HÁ Á ÁN contacts at 2.6 and 5.7%, respectively. All other atomÁ Á Áatom contacts contribute less that 2% to the HS for all three compounds.
Database survey
A search of the CSD (Version 5.41, last update November 2019; Groom et al., 2016) for the structure of 2,3,5,6-tetrakis(pyridin-2-yl)pyrazine gave 289 hits, of which 91 structures are polymeric. The first polymeric compound to be reported in 1995 was for a trinuclear cobalt(II) one-dimensional coordination polymer, catena-[bis( 2 -chloro)acetonitriletetrachloro- [2,3,5,6-tetrakis(2-pyridyl) Constable et al., 1995) .
A search for the structure of 2,3,5,6-pyrazinetetracarboxylic acid gave 92 hits, of which 64 are polymeric. Here, the first A view along the a axis of the crystal packing of compound (III). The C-HÁ Á Á interactions (Table 3) polymeric compound to be reported in 1986 was for a binuclear iron(II) polymer chain, catena-[ 2 -(2,5-dicarboxypyrazine-3,6-dicarboxylato-N,O)trans-diaquadiiron(II)] dihydrate (DUWROC; Marioni et al., 1986) .
A search for the structure of tetrakis(aminomethyl)-pyrazine yielded only eight hits, of which five compounds are polymeric; see for example catena-[ 2 -[tetrakis(aminomethyl)pyrazine-N,N 0 ,N 00 ]manganese dichloride dihydrate] (PITXEV; Ferigo et al., 1994) , and catena-[[ 2 -2,3,5,6-tetrakis(aminomethyl)pyrazine]bis( 2 -chloro)dichlorodicopper hydrate] (PITXIZ; Ferigo et al., 1994) .
Recently a new ligand, 2,3,5,6-tetrakis(4-carboxyphenyl pyrazine), has been shown to be extremely successful in forming 17 metal-organic frameworks (MOFs). It was designed by Jiang and coworkers (Jiang et al., 2017) who produced the first MOF using this ligand, viz. catena- [(-4,4 0 ,4 00 ,4 000 -pyrazine-2,3,5,6-tetrabenzoato)bis(N,N-dimethylformamide)dizinc unknown solvate] (NAWXER; Jiang et al., 2017) . Since then the ligand has been used by a number of groups, and the most recent MOF to be published is catena- [(-4,4 0 -bipyridine)bis(-hydroxo)bis[-dihydrogen 4,4 0 ,4 00 ,4 000 -(pyrazine-2,3,5,6-tetrayl)tetrabenzoato]trinickel unknown solvate] (HOQTUF; Wang et al., 2019) .
In relation to the structure of compound (III), a search for the substructure pyrrolo Gasser & Stoeckli-Evans, 2004) . They were prepared during attempts to form 1,2,3,5,6,7-hexahydro-2,4,6,8-tetraaza-s-indacene by reacting 2,3,5,6-tetrakis(bromomethyl)-pyrazine (Ferigo et al., 1994; TOJXUN: Assoumatine & Stoeckli-Evans, 2014) with the corresponding amines. In contrast to (III), where the pyrrolo ring is planar (r.m.s. deviation = 0.029 Å ) and inclined by only 2.00 (12) to the pyrazine ring, here the pyrrolo groups have envelope conformations with the pyrrolo N atoms as the flaps. Their mean planes are inclined to the pyrazine ring by 7.88 (16) in EXUHIO and by 8.05 (7) in EXUHOU. A large excess of dimethyl amine hydrochloride in water was neutralized with NaOH in an ice bath. Me 2 NH formed in situ as a gas and was directly condensed in a round-bottom flask in an acetone/liquid N 2 bath at about 213 K using a weak vacuum. Once a sufficient quantity of liquid amine had formed, a solution of 2,3,5,6-tetrakis(bromomethyl)pyrazine (0.4530 g, 1 mmol) in 50 ml of CH 2 Cl 2 was added dropwise at low temperature (ca 243 K). The reaction was left for about 4 h, allowing the temperature rise to RT. The excess amine was allowed to evaporate off before the solvent was gassed off. A solution of 2,3,5,6-tetrakis(bromomethyl)pyrazine (0.4530 g, 1 mmol) in 35 ml of CH 3 CN was added dropwise to a suspension of N-methylaniline (1.2 ml, 10 mmol) and Na 2 CO 3 (5.3 g, 50 mmol) in 25 ml of CH 3 CN. The colour changed immediately from light to deep yellow. The mixture was refluxed for ca 2 h, followed by TLC and then cooled to RT. The white precipitate (NaBr and excess Na 2 CO 3 ) was filtered off and the filtrate was evaporated under vacuum. The residue was dissolved in hexane and the insoluble yellow powder obtained was recovered, washed with more hexane and then dried to yield 0.335 g (60%) of compound (II). Palegreenish-yellow block-like crystals were obtained by slow evaporation of a CDCl 3 solution of (II) in an NMR tube. (Macrae et al., 2020) ; software used to prepare material for publication: SHELXL2018/3 (Sheldrick, 2015) , PLATON (Spek, 2020) and publCIF (Westrip, 2010) .
Synthesis and crystallization

1,1′,1′′,1′′′-(Pyrazine-2,3,5,6-tetrayl)tetrakis(N,N-dimethylmethanamine) (I)
Crystal data Extinction coefficient: 0.043 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction coefficient: 0.026 (3)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
Symmetry code: (i) −x+1, −y+1, −z+2.
Hydrogen-bond geometry (Å, º)
Cg2 and Cg3 are the centroids of rings C4-C9 and C12-C17, respectively. Extinction coefficient: 0.0154 (11)
Special details
